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Abstract
This research aimed to analyze and resolve defect issues in the production process of fuel pipe
support plates for an automotive parts manufacturing company. The primary issue identified was the
misalignment of bolts during the spot-welding process, which led to an average defect rate of 52.85 PPM
over the six months prior to the improvement—exceeding the company's standard limit of 10 PPM by
428.5%. To identify the root cause of the problem, the "3 Reals" principle was applied, involving the real
place, the real situation, and the real object, alongside the "Why-Why" questioning technique. The analysis
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revealed that the main cause was the absence of error-proofing equipment to control bolt positioning
during welding. The researchers further applied the 5W1H technique to refine the analysis and determine
corrective measures. The proposed solutions included the design of error-proofing devices for bolt
placement during spot welding and a semi-automated quality inspection system with real-time bolt position
sensors. After implementing these devices in the production process, the defect rate significantly decreased
from 52.85 PPM to O PPM. Improving error detection accuracy from 85% to 100%, resulting in enhanced
customer satisfaction by minimizing product claims. Additionally, the company revised its standard
operating procedures (SOPs) by adding detailed guidelines to ensure workers use the equipment correctly

and effectively. This improvement demonstrated the effectiveness of error-proofing devices in enhancing

product quality and significantly reducing defects.

Keywords: Poka-yoke, spot-welding, Defect Outflow, Three Reals Principle
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bolt #2 ( L35mm) gndda ussmsglildszysiumisusenau bolt Usznau bolt wiinauiausznau bolt Anfuia

1A394 Spot MC No.3

Spot bolt
Tusumnisil
nfva

Spot bolt

AAATUMLY

JUT 1 nsfiudeyanisinavesnszuiunisdntudiuwivsesiurethduiowmds

113U 1 wanansiivdeyaid ssdudaonsld
“aNN13 3 234 (Gen) lun1sasdsanszuIuNIINER
feaenn S ManIuT Heuase (GENBA) 104
NIEUIUNINARTSS (GENJITSU) wazdoyavestusui
Andlyvase (GENBUTSU) wuveadediiulgmuasd

lonmavansenluiiaandle fie n1suseneauluan (Bolt)
WnuguduLHLTes Ut omAs WiehlUiteu
30 (Spot welding) iagatuduvs 2 ulviaiu lagd

o

FJunaunsUuRau (Operation) La¥ATIAFRUALAMN

(Inspection) Aawanslugui 2

Welding plate#1 |

Spot Ass'y bolt #2
(L 35 mm.)

U7 2 nsfiudeyanisiiavesnszuiunsantudiuwivsesiuriethdudewmas

o o
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U 2 nmsdanguuinddymindn 2 Ussiud
noliinnveudeluaionisnda lawn (1) winau
Usznouluavidaawnus (2) winaunsivasull
#1015095293 U planaIn AU AesIeazLEYn
selui:

Tegwil 1: wilnaudseneuluasiiadumisann SOP
Liidatau Insanmilgym: sop fideylildszyega
Forauindedlaluavifisle vivlindnauldiing 3
anwauglnalAgaiuie 3 gavuavestayn: wuf]zymﬁ
Tuaen15Hana3981u2u 12 F 1 91nASHERSY
227,057 u ALy 52.85 PPM nsfigatianive: 14

dn 3 939) asftuidananisvihay wudmidnaush
A SOP filsianysal iWedmuadumdly SOP tiuA
Fafadgn wandbiiuin aunguiasdanislud
gunsalYwmmuasiuialuant (Root Cause)

Uayundl 2: wifnsnvaeuliannsoamamuvonds
Taviuan @anndan: udnwilnauasIaniu SOP e
sop lildmmuslvinsiasunisluailaenss uagldns
UpIREMF LA BIReAN1TLIRYRIY un: ﬁzymﬁy
wut veudesia 12 Fuannsdidadungeoeniufisdie
anén wihdud YymilAannasafiAadeianainain
MsUsEnNouin ﬁummﬂugﬂﬁl 3

JUN 3 TumeunsWauysznauluan (Bolt) LiiuTudiunsusosTuviotiugeIngs

913U 3 Funeunisdoudsznouluadi 13u97n
yBududuiusestuvieudamandilitosn
Hravduluariaenitrgudnsuuasaiondougn T
wBgunarudexliinnu duandugui 4

mﬂﬁﬂ‘m 4 meaﬂwmvmiﬂﬁvﬂaduaw (Bolt) 11
futudruuniusesiuviotiud omasfinsumisann
msdangilemadululfreuirsgeiioziinmsluluas
Andumiaiesnngidnuaradetularagluiumis
flndiAgaiiu
3.3 Annzilymvaadeuaznimansen
3.3.1 Mndauiininauldluaniinmunmisutuney
msidengesiliiAnveudedideldvannis 3 934 e
asludananisalvhanluaniuiiade Sunuiindnade
waziiutoyamudeiiaaiefiunnguasfiinuaie
Fauansluguit 5

JUN 5 msdunanisalinniluanuiiassduneunisldluaiivesya
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o
o

9n3UT 5 Fudusneusiasdiyianun 3 5 nounis
Weuganinaudesiesluas 1@ laluguusuumn
uwdhnsdougn Jagtuminauduiuaauiay
mwﬂy’umausluwﬂmimiﬂﬁﬂ’amummgm (Standard

Operating Procedure: SOP) Lﬁaﬁmimimaawsmg
Invveadslunszuiunsndn andymaana gy
dundnszdlagldinadanissedian virly vily
(Why-Why Analysis) é‘fmamiugﬂﬁ 6

suvagaglinnu virli
winauduauuazandula
1d bolt

finsnumia

wmsgrumanaulildssy Taidl Jig
Yoafiumsld bolt

- o " £ -
Occurrence Analysis : YY1 Spot bolt AAGIUYLY Tneltmndn 5 why
Problem
Spot bolt Usznou bolt
HnRuwmia finnumia

Aumdanisudsznau bolt
AnRIunia

UM 6 Mmyllesenlgmmsiiaveadeainnisldlua (Bolt) dasumia

N3V 6 MlaTghaumguesnsiAntamain
nsfesluarlddunuiiedengnvommidnaunudy
wiinauufoRnunuduredluenarsnisufoienu
11953714 (Standard Operating Procedure: SOP) Lél
a9 NA DY W Tuazdunvresunsgiuldla sy
Fumiamsuszneuluailiildlusumidls (desand
siianunsaesluadild 3 5 uazifeassiinisimun
funieg Adsnnfnvendedulunssuaunisgidn
osndnsufofnududunaiu 9 aumm
\esannishifigunsaitiedosiunrufianaialuns
aulvtunnegu
3.3.2 NMTIATIBRAUMANITNAATOANITATIVABUIN
Ygynmidnauvendelunssuiunisudnngnsanns
aTvdeuaunmluidiegnAwilviiaaudevats
ogeguusaiosnnaenmsusznevliansalseney
Fudwld vilFamenandaiamangaedn iddy fo
nsvmealindanngninddaasiessine sz
gnénazds §Adulimdnnns 3 93¢ wleadludunmsal

auluanuiiase dwandlugun 7

JUN 7 avaeuluarineunsuTuls

f\nﬂg‘uﬁl 7 N3EUIUNITATIIARUAWILSLUAT (Bolt)
newdsnulvinugan JagdundnauufiRnuieu
mmsfjgumuimaﬂmimsﬂﬁﬁ’amummyu (Standard
Operating Procedure: SOP) w#gfaflanudengasonty
fegnAn AndgmidsnaigIdeiindiesesilagly
wmailansaeriann virly vl (Why-Why Analysis)
Fauansluguil 8

Problem

Spot bolt nyameulinulym

AR

ATIvEBULENIZEN WA
sialluazindenuas bolt

Flow out Analysis : Ugy#1 Spot bolt AAf1LMLUS Tagldudn 5 why

f mmsg'\uﬂ'\iﬂfmﬁaulﬂls‘! 1aidl Jig
I ﬁ'mum‘mmwﬁauﬁ%mﬂal dnelunsasiaaau
Usnou bolt 1y | siwiia bolt

3U# 8 Mmylnsenlmnisvaasenvesudelutisgnen

1NJUT 8 MITATIERamn Vet udengaluis
anA wu3 nunuUfURNuauTuseuluenaIsnig

Y

U UR1ULI9551U (Standard Operating Procedure:
SOP) laeg1agnaes urisigasidenvesnsgiulala
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srydiumiinisnsarlsifuninay ieassiinisimun

funislunisnsnaeuduinauianaiaiiaty

\osnniinisufsRnurdudunaiui 4 aug

iesannisluifigunsalviedesfiuanuiianaialunns

aliiunineu

3.4 MdaneiitarivuauuImsnsudly
wWeduuumdlumsimuninisuily §ide

Benldinadiansaamanudemailn 5WiH a1z
Frdnasaiensimunwuamanseile fseasden
sioluil

3.4.1 mwsgiiietuauuinansudlotyminig
Anveadedinseiifiommuanuimenisudlatam
msiAnvesdslunszuiunsuszneuluaviiiolenyn

a o

RAGILAUL AILEAIIUAISIN 1

A15199 1 msimuuasumensunlatymnisuszneuluariiuuiusessuviaunsiudeinaa

5W1H

ANAU-AIMBU

wuamensualy

What (fisesnisvezls)
Why (Mludesrin)
Where (viilnw)

Why (lusioavinditi) aensHARDgiii
who (lasifunush)

Why Giludeadunudy)
When (Fuilels)

Why (hludesihmneudu)
How (vieengls)

Why (iludeshegnaiu)

Uiudsstumaunisusenauluan (Bolt)
ninaulsenavinyilminveade
US Wsinsa msn waun la d1im

Arnsthends, WinnuAUANATES
JugSuRaseunszuiunisudn

panuuuuardnasayunsaidesdu
AUl anatald edeefuaany
WaaHaeve iy (Poka-yoke) Tu
Fumeuit 4 nmsUsznauluayt (Bolt)
Wfug udruurusesfurievsiy
Fowa

dlormuanwuamanisudloiutiuase
elvininanudidmsalunmaudlotym
WingunsaitiostumnuRanatataelunsie
Wetlesfumnumdanasveniinmy

A58 1 agunsivunuuIansuAlatymn
nszurumsUszneuluaviiite deugaiindumis §3de
wuzthlivihnseenuuugunsaidesiuanuianaialy
nsvhsuremiingy dunsunisuszneuluad Wty
Fuduwiusesiuvisdifudomas Fauandlugud 9

JUN 9 wuvgunsalfestuanuiinnaialunsviny

910307 9 uamsniseenuuugUnsaltesiuainy
Rananlunsiauvesniina iy (Poka-yoke) Tuduneu
nslaluariidfud udruukusessuriavsfiud e
niugITetiaueed danslssnui ovooysa
Jnasregunsaldunuuiilennndesiiniseysidaildane
TunmsdsdoTangunsallumsinasrsgunsalfuuuuiite
wluvinsmeaeddlunisujifau

3.4.2 Mylnseiiiermuasuamanisudlelam
voudeiivgalufiagnd Wumslesgiilermuauin
msnsudlediygminszuiunisnsiaaeuyniienves
Fudruususesiuriethifudomds Advoadevaaluds
anén fauanslumsnedi 2

M15197 2 MsimuakIN1INseiludymnisnsivaeunnn NS UoNn

5W1H

ANDIU-AMBU

wuameansuily

What (@esnsviesls)
Why (Mludeayin)
Where (viilw)

Why (vilasaevindith) mﬂmimamaﬁﬁfu
who (lasidunush)

Why (hilageadunudu)
When (#hudlels)

Why (iludesvhneudu)
How (¥1e814ls)

Why Giludeshegnaiu)

USulsedunoun1snsIvaauAMA I
fiveadevansanlufisgnen
VT WWsinsa i weud la d1in

IMNTWAENINMUINEAIUANANAIN
WudSufinnsnsavaeunmnin

panuuukazdnassyunsaldesiu
Audanatali edeedunany
WAaNaDYD NI NY (Poka-yoke) Tu
Funewudl 6 MsnTadeuiuies
Tuas (Bolt) UuFudiuurusesiusie
dhifudemas

dletmuauumanisudlusiutues
Wielvndnaudiduslunmsudlodam
WingunsaitiosrumuRananataelunsian
wletastunnundasaoveswingu
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NN 2 agUnAmATANIAIINIL SWIH N3
MuuakwImeansuilulgmueadenganisnsialuis
anf AIdeuuztlvinisesnuuugunsaltesiuaiy
HANA1ATUNITATIAARUNUAMNIN (Poka-yoke) N3l
TuaviiBengn vominnunsaaeunuaw fuandy
5U# 10

JUN 10 uuugunsaitesiuanuianaralun1snsivasy

mﬂgﬂﬁ 10 wanen1seankuvaUnsaidasiuminy
Hana1alun19m529a@9Uu9INin9 (Poka-yoke) Tu
FuneunsasIAUTUdULNUSB S UTeT T BLE s
nowduliiugnan mﬂﬁuﬁuauaﬁ%’mmﬂiammﬁa
voeulRdnadgunsaliuiuuazildinimaasdld
Tunsufau

3.5 anliun1suiuusuily
1NN1FATUNANITAIUALLINIINITUA LY {378
Fidunsuiuugudly feasdondeluil
3.5.1 dnasgunsaltiedesiuauianainduwuy
ndayan1sinTginagiivualuIvIanITua e
FAdeveiliaUszyuiiioszananss (Brainstorming) 1
arudlaludunounisudluasfionssanedeyady
Jaymaunnlivndiesunsrvuwimdunisudloli
WulUluwumadentu duandugud 11

JUN 11 nsuszyhanudlaluduneunisudly

9n3UT 11 ndsainhanudilaluisnnsudly
AIdevin1sdnaisgunsaldesiunnuianaiaduiuy
Tudunounisldluayt (Bolt) itevhnindongn (Spot
welding) :nduhlUfadeuaznaasdldlunisnan
AU HUTBUAN YUENTYINNY NOURALVAINTT
UuUsaldl sauamluguit 12

waIn1sUTuUS

JUN 12 WSsuiisudnuagmisldluaniitonn neu
wagnaensUSuUse

9NgUA 12 ndandad agunsaltasiuaany
Annannduneunislaluaridongaiata §ideviinig
noaeuldlunisudn Tnsdtumeunsuiifnu fauans
Tugudl 13

JUN 13 Tuneumsldluariiongnuestudiuwsiu
seafurietiueinds

o o
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€

1307 13 uansdumeunislaluasid engnvas
Fudundusossuviothiutonds Seiduneuimun 6
Sumeu frosuglasail
1) wifneunduiuduidusesiuvieifud e
vuasgunsalieatuauiianann Tufimnsdidmua
2) 5aﬂ%”uahuL.Lciuim%'uﬁaﬂfwﬁut,%aLwamwﬁ’uqﬂmai
UaaiumuianaIn %a%umauiﬂu%umuﬁﬁzymﬂ
Wit ILHusesSUieT T Te A Rnn 199y
Ligunsedentunuldfesinsndwifstunoutas
Wusmuuamuaugilunsinues Jesiuveade
3) ninnunduluanildsludumisiinssiuindonss
(Spot welding)

’L‘&ﬁ’]mﬁauiﬁﬁaﬁi'aué’mwﬁ’ué’md’mﬂuuﬁmﬁﬂﬁ
Lﬂmmimammumumu (Spot weldmg)

5) Aanedentudiuuiusesiureudemanisesn
ngunsaidastiunnuinnan

6) ndud udruurusessuev LT sundseenain
gunsailasiupnuiianaia

3.5.2 39a3199UN T ILATIVADUANA TNHULUY

Ndayan1siATIERLaz I MUALLINIINITUALY
ndgymidvendenganisnsivaeulufisgnén 437y
wugthlivihnsesnuuugunsaitaaiuanuiianaisly
N15M59980UIU (Poka-yoke) UDINUNITUATIVEDU
@mm‘wLLasﬁma%ﬁﬂL‘?;Juqﬂﬂmiéfuuwmﬂﬁ?uﬁﬂﬂﬁm&ga

waznaaodldlun1snTIvEuAMNINTUETLLHUTBISY
viotduieings annsawIeuiiudnuugnisvineu
founasnasnsUTuUld Awandusun 14

neunjsuii

JUN 14 \WSeuiieugunsningiaaey feu-ndaiuus

mngﬂ‘ﬁ 14 npun1suiulansasraeuduluny
LONE1SNTU UAIUNINTFIU (Standard Operating
Procedure: SOP) usinnnsgrulilarinualiinsiaaey
mumansidenluan (bolt) 13winlinsiaaeulainu
Uy ‘mé’nmﬂaﬂé'?qqﬂﬂiﬂjﬂmﬁ’ummﬂmwammﬂmi
ATREULHUTosSUTot T edaninauaunse
AIIVABUAINNIATFIUNITATIABULAELAL A1 UR
Witen1snsivdeusmunienisusznauluan 1ivatau

a

Sngunsalnsrvaeuilunisinuiiessuuiduees
A90m U@ (Semi-Automatic Positioning Sensor) ¥
Tnsmsivasuianuwiugn 100% tagdvunauns

N3IAARY Aaanslugun 15

5UT 15 Juneunsnsivaeuluaiidenynvestiudiuunusosfuviodiuamas

NNgUT 15 LLamsuumaumimwaammmwham
quammﬁuaaﬁnummmusaﬁuwaumumamm gl
Sumeuttonun 4 Tuneu fresugldsal
1) wiineaulaadng (Switch) Qﬂﬂsmmaaw“uyuﬁqu
wiusesfuriedtudemas
2) vButudiuuiusesiurethiudomameuugunsal
Uasiupuiinnaie
3) soidulwasnsraduazlidyyrulnusing uansin
Funusunsaseaey wanblfidyaiuln odqlal
HIUNITATIIEDY

4) vEuTuUeanNgUNTIUTRIUAINAANAININS
Tansugsesiu

4. nan13ANINUIY

nmsdudunmsuivlsadlalufuneumsidensa
Lazn1sATIRABUANAM danuindymnisuseney
luavidasdunusdswaliiinvesdenaasonlufiile
anAeenI1sesnkuuLazinassgunsaidesiuaiy
Aawanalunisinuvesmdnnuuazgunsalnsiaaeu
wamssdusuagUlased

U1 20 adudl 1 unsiAu - Squieu 2568
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4.1 an1sUsuugavendeainnislaluaviiaugn
wdsnITeluiindnanunageundnaswasiiu
Toyavondelunszuiuns 60 Tu A5IA0UAMAN
2w % -
100% wansvadeukazIUTaYa Aakandlun1s1ei 3

= ¢ Y a
M99 3 ﬂ?i%ﬂﬁ@UQUﬂimﬂ@dﬂuﬂ’ﬂ‘&lﬂ\lfﬂwa?@

2 W& 2 Na Y Wa
w OK NG w OK NG w OK NG
1 OK 21 OK 41 OK
2 OK 22 OK 42 OK
3 OK 23 OK 43 OK
4 OK 24 OK a4 OK
5 OK 25 OK 45 OK
6 OK 26 OK 46 OK
7 OK 27 OK ar OK
8 OK 28 OK 48 OK
9 OK 29 OK 49 OK
10 OK 30 OK 50 OK
11 OK 31 OK 51 OK
12 OK 32 OK 52 OK
13 OK 33 OK 53 OK
14 OK 34 OK 54 OK
15 OK 35 OK 55 OK
16 OK 36 OK 56 OK
17 OK 37 OK 57 OK
18 OK 38 oK 58 OK
19 OK 39 oK 59 OK
20 OK 40 oK 60 OK

91937197 3 wamsnaaeunsldluailiongaves

Fudruusiusesdurier i omdsiensldgunsal
Josiuaruranarntunsvieuveandau §1uu 60
Fu laiusnguondelunszuaunis PRI I Rty
wazdAnTy SulAYeay Javienarsnisufuaau
117 951U (Standard Operating Procedure: SOP) Tn
Tifuninau Tnefinisifiuindeszysumisnindon
3aluati (Spot bolt)
4.2 nan13UsuUgsvendeiivgalufagnAiainnng
AsIaeuAnN I naIngIdetlvlvindnauvageu
nEna3anazfudoyavondolunszuiunis 60 du
ATIIAOUAMNTN 100% Wan1snadeuLasiudeya A
wandlussnedl 4

A19799 4 ﬂWﬁ%ﬂﬁ@UQUﬂﬁﬂjGﬁ’Jﬁ]ﬁ@Uﬁ]mcﬂ’]W

Y Wa 2 Wa £ Wa
e - WL v
OK NG OK NG OK NG
OK 21 OK 41 OK
2 OK 22 OK 42 OK
3 OK 23 OK 43 OK

4 OK 24 OK a4 OK
5 OK 25 OK 45 OK
[ OK 26 OK 46 OK
7 OK 27 OK ar OK
8 OK 28 OK 48 OK
9 OK 29 OK 49 OK
10 OK 30 OK 50 OK
11 OK 31 OK 51 OK
12 OK 32 OK 52 OK
13 OK 33 OK 53 OK
14 OK 34 OK 54 OK
15 OK 35 OK 55 OK
16 OK 36 OK 56 OK
17 OK 37 OK 57 OK
18 OK 38 OK 58 OK
19 OK 39 OK 59 OK
20 OK 40 OK 60 OK

913797 4 nan1IRTITdeUTUA UL LTEIS U
ihiudemamdmslaluavidouqadenisldgunsal
Jeatuarudanatalunisyiery $1uau 60 Fu lal
Usingueadelunszuiuns gidesiuiunineu uay
ImNsHIuRaYeU Javinena1snsujUiRnuNnggu
(Standard Operating Procedure: SOP) Tvfiuwiinau
Tnednsiiaiadessysunisnisnsadeugaiden
Tuayi @ 9rd189u3T8ve9 (Lazarevic M. Mandic,).&
Sremcev,N.) Uszendlduuifn Poka-Yoke Tun1suan
Fudrususudiiieandefananlun1suant1uns
panuuugUnsaldosiuaulianaindnluld Lyu
L0 AII9T UMY 98 Ud TULATTEUULE o
Tofianann viliaunsoandefianainiiinainuywd
adléfe 60% nadnsildAenisanvoads (Defect) a8
fifudndy wiontaiuusyavsnmmsuanlneannani
Hlunsudledymuasildnisudasnedewiniu
dqwalﬁﬂszmumswamﬁmmLLaius]"]LLazqmquqﬁu
PNLINTFIUQAAMNTTU

5. aﬁﬂ'ﬂawams?zﬁ'ﬂLLa::‘z’J'aLauaLLu:
5.1 aAUTIINANITINY
NATANWILALTLATIERWUININITUTUUSS
nsvUIUMIKARTUd LWL sfurieT T oinEs Tag
WunisanUsunmvendsuazdesiulilngunuidl
Tounnsomaasenlufsgndi Jaoradenansznusie
A dedeunnzamunnveman e uideildld
#ANN13 3 Gen (GENBA, GENJITSU, GENBUTSU) Tun1s
Anreiaunguesofianain wiouialdinatanisas
A014 Why-Why Analysis wag 5W1H L‘ﬁlaix‘UqLLu’J
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maudladgmiiiatu nansidenuiaugudnues
Joanatainann1svingunsalgiedeiuniny
Fanan (Pokayoke) lud unounisdsznevuas
p3rvdouURLnUsluay (Bolt) vinliAndedanainlu
nsUsEnaUAnfLiLlarnIsasIvdeulunure i
ogansuiau iteudladymd faduldeenuuuiay
finsagunsal Poka-yoke dnfumunusiuisluariiy
Fumouni19.douqa (Spot Welding) warldiduiwos
Aasmlugd® (Semi-Automatic Positioning Sensor) T
nsnsradeusiunddualuduneunisnsiadey
AU Fedanaliarunsoandoianainldodied
Uszdnsnm anansavinnsiuSeuiisunan1satiugnu
rouLazndiNUiuU Iakieandendeluil
5.1.1 Ysunauveads

neuMsUTulse: wumammwmvﬂ,umsﬂivﬂauiua‘m
AnuIes I 12 Tu 91nASHER 227,057 Tu AR
0 W 52.85 PPM (Parts Per Million) LT 4d1m 5514
Defect outflow ﬁmﬂadiﬁﬁuaﬂﬁﬂ (10 PPM)
naamsuulse uaamﬂmmmaﬂmm Poka -yoke Wy
Lsuumjaimamium memﬂmimnaawumummu
100 3u lifidoRnnanala 9 Wntudndu 0 PPM smag
Tunasifishninnesgiuiifuualfeghann
5.1.2 Ys¢aNSAINNNIATIADUAMAMN

naunUsuUIe: WINIIUATINABUAIBA18A1T 93]
Fosrinlusosmnuuduuazaudiveandniunms
asvaeuliaiunsansounguawriluarlaegis
auysnl

asuladnaddediannulanaulusiunisesnuuy
guUnsaldasiuAulaNaIn Poka-Yoke fianusouiiu
ANnuuduglunisasaduteRanainann 85% LJu
100% wazanvoudeifu 0 PPM vasfinddedu wu

994 Lazarevic et al. wag Purba et al. w3zl duas

uagszuULuAeuuiy uinan1sandolinwainegi
sz 40-60% ity uansliifuiuuaniaves
qwu%ﬁ’aﬁﬁﬂsz%w%quaﬂdﬂuﬁmmmLLﬁu&TwLLaz
nadwsAvaLay uaﬂmﬂﬁé’qﬁmiﬂ%’wgqmmgmmi

a wa

U R (SOP) uagRnausundinauaiugliunisly

wmalulad 7ena91naud uilyadufissnsiaun

gunsalifissesafen Inesiuiodnaifevesideul

nadmsidususssumazaseUAgIINANI

5.2 Saiuanuzdwiuauied

5.2.1 M3 130N151152UUATIvde U M lud Ay
stnvunldifiudslunszuiunswdn Woannisian
n13n53aeulaguywd (Manual Inspection) Feonadl

Fos1iasuauadauewazauwil osd191nn1s
MuluszezIaIuIL SEUURTIIERUSRLUTRaINT
Preiiuauiuglunisasiadeusazanleniaiin
anuAananaldunay

5.2.2 M58 NOUSULALOUTUT (Training and
Retraining) lifurntinyuegnsashiauaiientuisnnsly
s1ugunsal Poka-yoke uazifulwesnadnlusi@ (ol
winauianudlalunszuiuntsndnogisnsaliilay
aunsauuRnuldegngndes suufanisasiening
nsznindeAnudIAYIaIn A nadNA1luNITTNY
AUFIRUSUgNAN

5.3 YaausuuzausuuIdsTusuan

5.3.1 AISANYILUINIINITUITEUUNTIADUS AL ULTA
Lﬁug‘duﬁu‘u (Fully Automated Inspection System) 311
neaedliaIugiu Poka-yoke waziuiwesissnlusiad
Tdoglutaqiu iewSsuiisuuszansainlunis
ATITUTORNANAIATUNTZVIUNTTHAALUY 100% Loy
ﬁwwdwqﬂmaﬁjﬁmimLumgamﬁqmﬁm%mﬂmimém
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Abstract

Siri Wattana Lohakit Co., Ltd., a manufacturer of agricultural machinery parts and assemblies in
Udon Thani, currently receives orders for 2,100 rotary tillers per year but can only produce 1,500 units

annually. This shortfall necessitates overtime work, increasing production costs. This research aims to
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improve the production process by applying lean manufacturing principles to reduce waste. Data collection
revealed an imbalance in the rotary tiller assembly line, where Workstation 1 and Workstation 2 had cycle
times exceeding customer demand rates. To address this, value stream mapping (VSM) and fishbone
diagrams were used, along with the “5 Whys” technique, to identify root causes of inefficiencies. Based on
the findings, a specialized assembly table was designed for Workstation 1, and a fixture to prevent part
shrinkage during welding was developed for Workstation 2. After implementation, the standard cycle times
for both workstations were reduced below the takt time, increasing production efficiency from 70.42% to
100%. Daily production output increased from 5 to 7 units, a 28.57% improvement. Additionally, the
improvements established standardized work procedures, minimized waste, and enhanced the company's

competitiveness in the agricultural machinery market.

Keywords: Lean Production System, Value Stream Mapping, Efficiency Improvement, Equipment Design
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Fomnonu: U3 B3TwunlangAa Sin

fine: @il 135 il 2 ndleuanasis a.dles
2.9a5911

n5503%: msUsznaulsminnuduaniawi 2

(yanymmuy) @asmsuiuug),
muﬂaumiﬂﬂum‘m

ST
(wns) v
1. indoutheianeiiwiulsenay 0
2. ldluila gnilon uazawmu 0
3. Baiuiietuiion 0
4. aswasunsardndydnuel 0
5. finhknden 0
6. 1ndoudheieiaanilgnUsznavaaine 8
7. wnzednuinalddheg 0
8. iiilu-nau wdurheuazs1ashiing 10
9. Fusthving 0
10. Usznauthvhe 0
11. Wulu-ndu wduiionuazaiosile 35
12. famanuinmadn 0
13. 1Bl -ndu ndugpasSauargam 4
14. Usgnauauauaryammwun 0
15. @ulu-ndu wduilen 35
16. ldilarusazqn 0
17. Wahudulloausarqn 0
18. sruadosiu 1
19. Wariuduilon 0
20. m?‘aué’mm‘%“aJaam“nv‘misnau 10
77 40
1anadeuni (Normal Time)

1aifie (Allowance Time)

- nanlemdinyena = 10% 983 OT = 5.1

-nanflemumiosd = 8% 1910T =40

- nadogUimg = 2% 9307 =1.0

- nanlegliame 1.5% 1831 OT =038
5% v99 0T =25

ket =13.40

- naiedu q

1a111A35§1u (Standard Time) =Normal Time + Allowance Time = 50.60+13.40 = 64.00

8w OT = Operation Time = BafuRnuiianeildilowu

JUN 19 wnugiinsivanisusenau 2 ndsfuus

31n3UN 19 wnundnisinanisuseneulsnings
n3UTUUse wudnduneunsufiRauanasain 22
TUROU Wide 20 Tuneu anat 2 Tumeu Andu 9.09%
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FOUNAININTZIUANAININ 74.50 W91 L&D 64.00 W19
fon1sUsznaulsns 1 1a509 J9R1nI1AS Iz
ABINNSVRINATDY 4.57 Uil daralvinszuiunisugn
A10150NEALARINAIINABINITVRIGNATIUYINNIUIAT
wasUniseTu
1nAsAnduuUTulsualunseuIunisnan
w3 asdnsnansineastuanenisusznaulsndnsIuiu
naIN1sUTVUTIEINsandnlan1uAuR B3 vee

a

gnAnlaluiiaadeunddoiy yilidssdnsaanves

Vo

ASTUIUNSHAMANTY @11n5aA1uIlanall

= (7/7) *100
= 100%

YsEENSAINNTEUIUNTHER

INANTAIUIUUTEANTAINATZUIUNISNES KHINTT
USuUzanudn Wuduein 70.62% 1u 100% Asdy
WL 29.58%

mmfu;ﬁﬁaﬁwms‘wmauﬁué’umamaaﬁaﬂuaqmm
uannslunsuunIanan seauufgiuresnguiiedng
2 ngu 1ideyaninmsad 5 seuan1sUszneu ey
uazvden1sUTulT Fsesdunisveasuanade Mdy
Saswieiu foil

auufgIunaly
Ho: 13a1n15usenaulifianuwananany
Hi: 1381015052 Nauilanuuananeny

AUURFIUNGEAD
Ho: 1 = L2
Hi: M1 # M2

nan1snaaau taglulusunsy Normality test #19
wanslugudn 20

Probability Plot of C2

2
ne
.

Percent

Probability Plot of C1

5838 8
sae

JUN 20 wan1snAdeUNNSADA

91n3U7 20 wan1snagey Normality test N3l
winltududunsauazan P-Value vosdeyavisaosiian
1NN 0.05 wanaddeyanisduniainisu Ul

Method

Hs: population mean of C1
Y2t population mean of C2
Difference: p, - Y

Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
C1 12 3417 153 0.44
cz 12 1883 170 0.49

Estimation for Difference

95% Cl for
Difference Pooled StDev  Difference

1,614 (13.967, 16.700)

n15n5¥18UUVUNG {IduTeyalunagey Two
sample T-test aalUsinsu Minitab Han15NAEOU A3
wandlugud 21

Test

Null hypothesis Hot i -p2 =0
Alternative hypothesis Hy: py - p2 2 0

T-Value DF P-Value

23.27 22 (_0.000

JUN 21 wan15ins1enaaelusunsy Minitab
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U 21 Han53ATIEYiFeTUSUNSH Minitab
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NUasauNAgIUnanuazyaNSUALNAZIUTOY Landld
WinIansusEneulianuuanansiues1eivedAny
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5. afiuseamsITEuasdalauaLuL
5.1 aAU8NANTIY
iAdeiljatiunsuiuusssaniamnisadalag
Uszgnalduuidndy iloanmnugauuauaziiuainy
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wdnvessEAnsaineiAnainnszuiunisvinauily
auna waginisindeudie Tanfiuniiuaudniu g
dealiinszurunisudnininuanti wuamanisuily
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Y a o |
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WedAty wan1susuUgedmanddiiiuinaunsandnle
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9081 TevvanduruNIHARFNUIY WazfinTa
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TAINTTU LYY UHUAIE18515UMIAAT (VSM) Lag
WUk afeUan (Fishbone Diagram) lasun1siaauuas
Fanunsatieusulsinszuunsanldegiaduszuy
warfiUszdnsaaw nan13n153588 8 W11
inzidamethaduszuunasnisdentdiaiedled
winzanluiwIAnnsanLuuaw AN sUTuUT
Uszdnsnmnszuiumsndnlaegedidedifny oeAns
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5.2 daLauauue

1) TuauiAnAITNaNaIITZUL loT #I9TEUUNIS
IANTIINT1SNER (Production Management System) 311
14 1l eAnaunisindeudeian anuznsudn uas
naseunswanuuuisalny deyaiildazdielinng
’jmiwﬁﬁmmﬁmmLLm'ua°WMWﬂ5u LaEEINITD
pouauasemAsuuUadldaeTnig

2) fimaiasuaainweniinauesseidesdienis
Fadnousutwunugdmiuntiniueg1sasiae
iiorenuumsgununwlun1snas LagAIsing
Fovhatlensvhaniiinlade Waundmhenueuau
wiowmanen1sudaliivinvedunisaeuuiie
duasulvndnonulmiviondnanuiiviainueannse
W lAog 1951157

6. AnANTTUUITZNA
mAfvatuidisagaldteeuimiiowasns
atuayuInvaegrng §I3veveunseanETINITeyn
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Abstract

The objectives of this research were: (1) to study the dropout situation of students at Kamphaeng
Phet Rajabhat University, (2) to develop a predictive model for factors influencing student dropout using
data mining techniques, and (3) to evaluate the model’s performance. The study utilized undergraduate
student records from the university’s registration database, focusing on cohorts 59, 60, 61, 62, and 63,
comprising 18 attributes and 2,418 data entries.

The findings revealed that: (1) the dropout rates for each cohort were 23.59% for cohort 59, 26.52%
for cohort 60, 25.33% for cohort 61, and 25.35% for cohort 62. (2) The dataset was split into training and testing
sets in a 70:30 ratio, using 10 key factors to build predictive models through Classification techniques,
comparing three methods: Decision Tree, Naive Bayes, and K-Nearest Neighbors (KNN). (3) Model
performance was evaluated using 10-Fold Cross-Validation and measured by Accuracy. The results showed
that KNN achieved an Accuracy of 92.19%, Decision Tree 91.47%, and Naive Bayes 90.16% on the training
data. When tested with the testing set, Naive Bayes yielded an Accuracy of 94.20%, KNN 93.52%, and
Decision Tree 92.84%.

The top five factors contributing to student dropout were: average grades in core/major/required
education courses, average grades in language and communication courses, average grades in social science
courses, average grades in humanities courses, and the field of study. It can be observed that most of the
factors are related to the students’ grade point average (GPA) in different subject groups and their chosen
field of study. Therefore, academic advisors and curriculum lecturers should monitor and evaluate students'
learning progress during courses to estimate academic performance, enabling the implementation of
targeted support activities to help students achieve the required academic standards, thereby reducing the

dropout rate.

Keywords : student dropout, data mining, decision tree, K-Nearest Neighbors, Naive Bays
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w3iwai bo luldauazeely e1a1sdaiunsagua
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2. MnuiuazITTINs et
2.1 n3EUIUNTIATIZYidayafae CRISP-DM
CRISP-DM %398 CRoss Industry Standard Process
for Data Mining {unszuaunsuinsguluniiiasizi
Tayaniun1fi L Waundulud a.a. 1996 g
AMUTINT 0D 3 wam Daimler Chrysler SPSS
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31]17'; 1 Cross-Industry Standard Process for
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Tneld#a3 Tamnudusiug Wy Information Gain (IG)
158 Gini Index

#2339 Information Gain (IG) A1L7AI1NAN
AUy (Entropy) veadeya:

IG(parent, child) = Entropy(parent)-[p(c1)x (1)
Entropy(c1)+p(c2)xEntropy(c2)+...]

il Entropy(cl) = -p(clog p(cl) wag plcl)
Ao Aaraniezduvesdn 1 eite Entropy Havldlu
nMsinAnuwansRiurestoya dtayaiiniuuanmg
futfenen Entropy ddiAen st deyaiAuanaiy
11nA1 Entropy axdiAngs dafudrdeya Entropy 1o
nunan (child) arunsouwvunendoyaladazdan

Entropy 1 wazazsiliien 1G ﬁmquﬁmﬁauﬁﬂwum
YU (parent)
2. msaselassasreaulyd
nagINIABNLEANIUIANEN 2zaT19lnUn
wazdsdmsunenvstirtes Tnavinszuiunsden
wenvatdendmiuteyafignuisesnty msutsdeya
dgnfiusioluauninaeislnunly dstayaramnly
Tnuatuinanaiientu v3aliaulunisvgn (Stopping
Condition) gniviua 1Wu Feyalulruaddiuiudey
uld
3. nsdauasnull (Tree Pruning)
W oanmududeuveduinawasdaaiy

A191An Overfitting 9zdin15AALATLATIAS1Y Decision
Tree Tnonsaulnuail ldsudundolnundiiuaiy
Fudoulnelufivsslosd I5n15aauns laun Pre-
Pruning (Aaumsvazas1eiuled) way Post-Pruning (fin
upanaaaseaule)

waila Decision Tree WWwign1s7ifussansanly
n1sduunUseLndeya Tnawiunisidenuenns s
wanzand gadmsunisdadulaluusasdunou
nsvurunist el lalunadi 19 euld a5 wasd
AENINTalun S INeTiiug
2.4 watlamsduunUsznndayadieds Naive Bayes

Wumsadauwanvudiesazliddudou Ingendy
ngefenuinzfudundn (2]

P(A|C)-P(C) )

P(C|A) = A

NANN5VOY Bayes 85unelaan desn1syiung
Aand C Wlansuueanstnd A udranunsaduanle
nerutsdureuenyidon A fifeana C Tumnsui
AP LarAANNUNAnuTeLenYSU A wazAana C

PCIA) Ao Avpnutazifuiiteyafiduennitod
Ju A uaziinana C

PAIC) o Armnuthaziduiideyamsuda aeindiil
Aand C wazsduenv3dad Alaefl A=a, May ... M
au wag M A 1UIULEANS TR LML A6

P(C) Aim ArAunaziluvenana C

WANNSTAUBAVS T A = a1 M &z ... M aw WiATY
Tuwsutls adnenvsdiduiutdosnyvseliisluuy
Yoaenv3TaduuuiAnt was feiudslaldndnns
Aiusazuenniadyndiianuiu independent s
furlanunsadeu PAC) 1oy
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P(A|C) = P(a1]Ox P(@i]Ox... Plam|C) (3)

YA ANUINANNTOAIUILENTIAZ RN TR bA
AIFUNTT

P(CIA) = Pa1|O)x Plag|Ox..x Plam|COx PC) (@)

2.5 wmaidan1sduundssinndayan w35 K-Nearest
Neighbors

15119 K-Nearest Neighbors (K-NN) [2] A8 181 UN13
wisngudeya Aovihnsiaszesinsseminedeyaiidoans
vuneiuteyaieylndidsadudnou K #1 uasdmeud
vmnglaFonaainunnfigeesoyafidudioutets K
77 Tumanaladnld38nsTnseeerinanuy Euclidean
FUAnN3INT a0 v0IHar 135EWI 1auenN3 T26eng 1
ENMAIHDY AT

Dryciidgean = \/(x1 —y1)2+ (= y)2 4+ (g —y)? (5)

Taofl x; Ao LoAn3Ta7 1 vosdoyagadl 1 uas y, fe
wenviDadil 1 vosdeyasnd 2 Tasdeyarisassia (x
waz Y) Fuukeanzdfingu L
uananHaziuld 3138 KN laifinsasrdlumausas
Tdeyamsuis adiammmndelunisiung il
Fmstgnaneglunguues lazy model thuas
2.6 NuATBTiAtas

Fsvafud WwSeimi 6] Iheaudse $ea nns
Ainseviadefidmanonsiuanmuesindnwiidag
nnSeulndlagldduldwadule §euiTedd
Inqusrasdifiolinsgithdofidsmatenmsiuanmuos
TnAnwseduuigans Adnanisisouveansaiaie
avaudaust 2.00 TulU lumstinseideyaarlidoya
WnAnwiszauliggins AuzINe1n159ANIS
unInendesudganauas Adndnwvisenined wa.
2553-2557 1913 3,385 yadeya enldinalianig
Mnilesdoya wuu Classification LlABNN139TIUNEY
193an 3873 Decision Tree waylddanaisuviin Ja8
n1snaaaulunadi ldagvianismageuwuy 10-fold
cross validation Iaelglusinsy WEKA nan153tas1zi
wuadedidenudidniivzdmaronsiuaninues
thdnwiiinansSeuundutadu 4 ngu sunguinse
\Avavau fail ndu Best (GPA>3.50 Tuly) Jadedle
MNsANY AN Ny Excellent (GPA=3.00-3.50) Yady
Ao 9171301 uazawInTiEeu ngu Good (GPA=

2.50-2.99) Yadufte yuituiionisfinu anunmues
AsauAsy s18lavesdnn s1elavesunsan wagdamin
ngu Medium (GPA=2.00-2.49) Jadefe yuriduiiie
ANSANET @0TUNINATEUASY Lazs1elAreeNIsa 210
nan1ideianunsniingnissuundeyadildunldly
AMINAUITLUUNYINTINISHUEN NBINNANYIR D U
wagusvsanansaldiluuuimddunisuimsdanig
¥39919138 U3 NE1ENLNT0NUHUNISIT B UAnS
awegldoussuresinAny Tiaugiewae way
daasuinfnulaegramnyau

YUA1AT Yyusean wazasey waus1v [7] lavi
NUITE 1509 MITATEEMsTuEnsatennaneiy
westinAnwszauligns Ineldmeaiianisvinniies
foya GemAfeiiinguszasdiile 1) inmeimiadod
Aetedumsaeennansiuvesindnuszdui s
2) UATIEALLAAEUSUNTIIUIENITERNNANIAUYDY
UnAnwszauUigaes wag 3) Wisuisulszansnm
N3 uunteyavedluinaniginailads Decision Tree,
K-Nearest Neighbors, Naive Bayes Imai%"u’"agamn
Futeyaunifours NI eI ngq ey
auaT1s1il venAnwIsEAvUS a3 sendned
A1SANYI 2558-2560 971U 11 wann3daduay
13,729 yadoya dletuniesgianimiinuesienns
376 #1673313 Information Theory wuin 1) fidaded
WerdaddunisarsannatsduvesinAnerdiuiu 8
Hadw 2) vidasedlduvinsadradulumanagey
HAaNS A 2835115 10-Fold Cross Validation wag i
UszAnSarmeae A1 Accuracy vWiewi33n1s7isiaany
gndeanniign 3) nanisiTeuiiisudseansamnns
ﬁi’ﬁLLuﬂszTaa;ldawm'ﬂmmaﬁ a519928wmAlAT5 Naive
Bayes ﬁﬂizﬁmﬁquaqmﬁﬂ'ﬂLaﬁyammqjﬂé’aﬂ
93.58 % WA MAlA3S Decision Tree danade
AINNGNABY 93.52 % UazinAdalf K-Nearest
Neighbors ZfLadun1mgnsas 87.95 % uaxdl Jade
A ateegegn 5 sudu laun nsddunemuiile
A15ANYT @1971391 LNIALAE 91T NVBINITAN LAY
21N V89T

3. WANUUNTIVY
lumsfinwaniunisalnmsesnnansduvesindnu
UMINeIFETAYMNGNYs §I7ulainteayaves
UnAnwszaulsyeg1ns aaund Un1s@nyl 2559-
2563 indanaunduiindnuidaniuzeennansiu loun
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JAANWI7 21990 WaresnNAIUTLLUyUTaUIAUYDY

uAnends waziin@nwifidanugdu 4 azoglungy
anuzasey MntutihdoyavestinAnwing Fou 59-62
wagUidufesas lefnwianiunsalnmseennanadiu
waz1voyadnfnyivyiTeu 59-63 LUanquloya
Training :Testing A188n31d9U 70:30 wieinluadis
JEAR

dmsunmsairslealunmaiuneiadeddnanseny
nan1seennanAuvasindnulagldivatianidi luuil
uagnsnaaeuUszansamuedlunadiiaun {3 deld
wuedsnisinien ludde Tegldlusunsy WEKA Tng
Funeunisvildnszuiunsiienesideyadis CRISP-
DM (CRoss Industry Standard Process for Data
Mining) &sUsznause 6 Funoumsiniiuny i

1. Msvhautnlagsiia (Business Understanding)
Wladgmuagyimsiiaseivilesteya lnganauwnu
Jestudnunsduiunudiumiiosdoya uazssy
Jaduiideansiinsgy deiladedideansiinseide
Jaduiidnadanisoennansduvesindnw Tagas
Tunait oviuneniseannansduresin@nw sz sy
Ysuyns n1aund veadn@nwiuniingias sy
munanes ngldinadanisinmiosdeyanieinadina
3% Decision Tree yndoyaililunisiiasizy 1uya
JayaveinAnwiszauliyn1as naund veindnw
UMINYIRYTNYN AUNANYS Faurdnnsfinu 2559-
2563

2. n1svihanuiladeya (Data Understanding)
yhnssIusmtoya (Data Collection) vastindnw via
Toyadiuia Yeyan1un1sAnwinsutdusoud
uNIneds wazdoyatndnuunziGouiiuniinede
INF1UT 03 A UNLLT sUVBIUNI TN 85194
Aunanys 9988 18 wean3dad dvunisdiuun
Usstnniilemuszavsamlunsduundeyauazaiig
ANUEITUSYRILEANT T

3. nswwSeudeya (Data Preparation) L0 un1s
Famstoyaiiiewmssuniendniunsiinsginasnis
afdlunalunsviineteya Tnsdeyaildifusiusm
TugUuuuve9n1579 Excel lng

3.1 mMsAnienteya (Data Selection) donld

ToyafiArdedlasAnwannuidsfiiisaiunisesn
naneAu [6-9] wardinduaSiivinsuasnunsdeull
nsdmiuteya Ussneusae 18 uenv3dnd 1) wesvsdod
7y Input 17 weav30d Tdud wemesindnw 013w
voslmuazansen neldvesdmuazanson insawdsrou

iAnwszdugan@nw 2ain1sAnuiFsuaunoud
Anwrszdugaudny uwun1siFouiiaunoud @nw
syiugaudn anviniiBeulumniveds insaiade
nasATIMwIlazSAeaNS InselnAENgIALY Eman
insaLRdengAndseueans insaiadongsiviveneans
\nsadsnguivunu/ondafu/agddu insaiadengy
Ty eNLaaN NN BUNYA. ANLANTUULATAIATON
2) wonyi3daAThEu Output 1 wonn3tad fe dn1uznis
2aNNANAUYDIINANY

3.2 msﬂé"uﬂiaqsﬁaaga (Data cleaning) tJun1s
Usutioyalvigndes Jeegluguiuuvesmang Excel Tng
dindoyaiiianann doyainguuuy Teyafifianing sen
mmﬁaﬂﬁagaﬁﬁﬂtﬂﬁumsﬂszmama 2,418 578015

33 n1suvasgluvuvesdeya (Data
transformation) Teyafithuniiasgsiiguuvulunis
Faufiutauszian Nominal waz Numeric Ssdaautas
Tiogluguuuuifeaiu wu we (1) 1 (2) vigs s1eld
ol wuseaniduda (11) 518le < 80,000 /U (12)
s18le 80,001-100,000 U1/ (13) s18lsl 100,001-
120,000 u/AJ (14) 578/lsl 120,001 - 130,000 UM/
(15) s18lsl 130,001 - 149,999 u1n/U (20) 18ldl
150,000 - 300,000 U/U (30) 51856 > 300,000 UIW/
U insatedsseivingusing  wuseanidugas (1) &
\n3alade <1.00 (2) finsalade 1.00-1.49 (3) i
\nsAlade 1.50-1.99 (4) finsalady 2.00-2.49 (5) i
InsALade 2.50-2.99 (6) finsalady 3.00-3.49 (7)
\nsA0A 3.50-3.99 (8) finsaLads 4.00 M3fBunes.
AnaSeuLazidunee.Ansosdn (0) Tid (1) § Dusiu
Tuguv9IN159ANA UANIUENITOBNNANIAUBS
Unfnwazdangudu 2 nqu fie Y sennansdu uaz N
Adg wazimuaduratadiving

] —

[ TuTteya

[ WmEzRdeya
v — lvld.csv
[ wiastioya ]
L
[ wistaya ] -
- “\\‘ _
[ Training Setj [ Test Set ] In 19ld arff
1 -

[ Tidayaiu WEKA ]

JUN 2 mawwSeudeyanauyi Data Mining Aie WEKA
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4. msassluea (Modeling) N1sas19uasnndau
AN NA0IBtluAa AgnATANIG Data Mining
Funszsiluinandeyaii ey il eviiuienisoen
NANALTRINANETEAUUT YIRS N1AUNG %dﬁ’?ﬁ'ﬂ
THlUsunsy Weka Tunisassluinanisvinunen1e3s
Decision Tree, Naive Bays hag K-Nearest Neighbors

5. n1sUszLiiuna (Evaluation) NAABUNARNGAE
78n15 10-Fold cross validation Tun1sinusz@nsain
Y04n133uunUsELandeya laun n1smatAusEdn
(Recall) A1A21UA 4R @ (F-measure) AL UL
(Precision) WagfANgNAed (Accuracy)

6. n1suLuuI1ae9luldau (Deployment) 11
Tunadi wawluldlunisyiuienisesnnansfuves
dnanwielfiduuuimsunistestunazudlatam
nseennaNAuBslnAnwdely

4. HAN5IY
4.1 Naﬂ']iﬁﬂ‘U’]ﬁﬂ’]Uﬂqﬁﬂjﬂ’]‘é@@ﬂﬂa’Nﬁu%@\‘l

o =2

nfinw uninendesedgiunanys lagldtoyaves
UnAnwseaudIang Maund viiSeu 59-62 YN
ayuiluforas fnadwnsai 1

M15199 1 $98a¥N159NNANNAUYBIUNANYITEAU
U3gyey1ws mauni vigiiSeu 59-62

Ny Savarn1seennanefiu
59 23.59
60 26.52
61 25.33
62 25.35

NA151991 1 Azuiuladnin1seannalafuyes

o =

InAnw19g19meLied lnedons1n1598nnNa1eAuuDd

o =2

tndnwmanFoulndidseiu Jedndu 11u 4 ves
UnAnwvewsasvyisey

4.2 nanmsasslualunisvhuetadefisuansenu
sonmseennanAuvesindnulagldmatinndi luids

H3elauuInaudaya Training :Testing A3y

518U 70:30 wazihluasrslunalaeiuennsdan
18 weans3Uadunlalunisaseluna lneldinaia
Decision Tree f2g8ana3fd C4.5 (J48) NaIIN&319
Tuwa wuin Jadedifinanemsesnnatsiuvesindnund
vaum 10 Jade Bosdduanunlutios Toun

1) insawdengsivunu/ienteiu/agdeiu

2) mimLa?wlaﬂzjmf‘mmtml,azms?%ams

) insnRABngsAvERLmans

) mima?ﬁmjm%muwmam%

) anmivfideulumingde

) \nsAABNgAvANeImMans

) insnwAsngAvenden

) Lﬂi(ﬂl,a?ilﬂﬁBULﬁﬂﬁﬂwﬂigﬁUQﬂuﬁﬂwﬂ

9 q@ﬂﬁﬁﬂmﬁGmwdawﬁ'ﬁﬂmigﬁvqmuﬁﬂm
10) urun s euiiaunowd @ NNSEAURANANN
Mntuinhdade 10 Uadbuazyntoyangy

oo N O U AW

Training 1nasadulunameinaiin3s Decision Tree,
Naive Bays e K-Nearest Neighbors

4.3 gan1snadsulszdnsainluiag @1msunng
MueN1TaNNaNAUTetnAnwIszAUUIYYInT A
3313 10-Fold Cross Validation firasiemnseit 2

= a a
A19199 2 wansuadeuUssansninluina

madals A A A A
A6 BltER walug sgdn  dma (F-
lusidla (Accuracy) (Precision) (Recall) measure)

Decision 91.47% 91.30% 91.50% 91.30%

Tree

Naive 90.16% 90.30% 90.20% 90.20%

Bays

K-Nearest 92.19% 92.30% 92.20% 91.80%

Neighbors

= = o a
arnlisutiivunantsuadavdszdnsainluiaa

[ Decision Tree  HE Naive Bays [ K-Nearest Neighbors
2 £ £
N 2 o
o o o <
F > - £ o -]
g £ Sp g o=
— @ = [ I
[sN = @ =
o (=28
R s
b S S =
O 1) = (=)
= = o~ (3N}
oS & S g
o f=2) an
AUYNABY ATURd U AusEdn A71062907
(ACCURACY)  (PRECISION) (RECALL) (F-MEASURE}

3UN 3 nemuansranisiIeuigunsnageu
Usgdninnlaea

nnsmasiulainluaiiasimemaiais
K-Nearest Neighbors dUszdniamasan daA1a11u
gnAesIayay 92.19 mALlATS Decision Tree fifAIY

o o
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gniesfosay 91.47 uazinaiads Naive Bays flfn
ANUgNFBsTogag 90.16 MR

4.4 wanslideyaneaeuriuliea Wethlunaluly
Audoyanaaey wuin luinaiiaiiaemeadads Naive
Bays dA1AugnAesTayay 94.20 nallAls K-Nearest
Neighbors fiA1AugNABITaay 93.52 wagmallals
Decision Tree fifAugnassagay 92.84 Aua16U

ntadestomn dadeiiviliindnyioonnanadu
gean 5 Sustu loun 1nsaedenguiviunu/entsdiu/
A3 UAA Y 1NTALRA BNA UTVIN1WIUALNNTE DANS
insaad onquivdsaumand insalad onguiv
uywEmMans uaravIvniGey

5. @3Uuazanusgnani1sIeY

anunsalnmIsennaA LTt nAnusER LT tey 9
21AUNF UMINGIFETIYAYAUNBNYT Vol nAnw
niseu 59-62 Inesiusideyanngudeyanungileu
dnfnwumine1dessdgiunanes fedeyadis
FoyasnunsAnunoudisouiuminetds uazdeya
TnfAnwvazSouiiunivends wuindinisesnnansdu
at19s a1l sanazd dmsnnisenn 1 Tu 4 vesduau
unAnwiluudazvyiSeu dawansenusen1Inanddin
A anidumdsddaluniswaunied unaswaun
Uszna 390098 INaNIENUABNITUTWITINNITVD
UANINYIFY

Pnnsinieseidadefifnaseniseennansiu
veuinAnwseauUIgans a1aund laeurvaya
TI1UU 18 woaniUas wras1sluinaneinain
Decision Tree Agldoanasiiu C4.5 (J48) wuin fitiies
input 10 Yade Aifduddnysenisnensaluusldunis
gannasdy vaiedl 7 edefimdeluifinnuduiusas
HedAgieane nieenaliddninanonszuiunis
FunUssianegraudn fefu lunssuiunisadis
TuLna Naive Bayes Wag K-Nearest Neighbors (KNN)
Ifinsdenlfianz 10 Jadufiddnyiian ileanaanu
Fudeuredluna wasifinuszansanlunisnensel
Fsapandoatunnufanidurnsgrulunud Data
Mining 8¢ Machine Learning ﬁiidl,ﬁumﬂ%' Feature
Selection vt sanda387 LA vades Suazyeiiiu
UszdAns nmvedluinanaranaanund seveed g
Overfitting

Jaduvts 10 919013 AlaTun1sdaden dawlng
WA et aatunadugni nen1sfne Usgnaudae
INTALRA BY89NUT18TVIAN 9 @191 TR AW

\nsadsneudnAnuseiugauAny Lazdinsfinw
fdifanoudn@nwseiugaudnu Geaenndesiusa
nsAnwIves 3N yyuseay wazasy wausy Tu
druveansnlede Laga1unin wilidenadeaiuna
N13ANEIeY 58U eIl [6] waz wilnnan
ugyUszay wazasy waus1v [7] ludivesladesu
s1eldwasdniunsnn uaznsidutuiiontsdnu 73
NANTENUABNNTOONNAIIR 9T AIULANG19U8IHA
nsnwenainanANILANEsTBInguiiegldly
n15348 lnenguiedslunuidoionndaniugma
LATEFNAVDIATOUATILAL NTATUAYUNIINITRUIIN
AzauAafiuanaaiy SnifalndnundlfBuiude
msfinw (nee.) lasunmseusifnnaudnludosas 100
T AnwdsldsusouumsAEnw L AN de
Mnuvasdudnie daalitiadesuselduaznsiiy
Fuilenis@nuiinansznusonisdnduleatoonain
WIMedeosag

iletsandnsinisoonnansduvestindne unum
19491915871 U3 nwiuazen9158 Ussdranunivnded
ANEAYeE198 ¢ AIsinsAnniunanIsiSeuves
inAnwiog1alndda (il ovemdouarlveuugi
mafAnng Tnslawiglungusiedndidndnund
wualdufl agUszaudgmiluniadougs uenaind
uAngdoannsathdeyaiildanmuideilulilunig
TNUNUNITAUVAYUNINIYINT LEU LATINITAETY
n13liAUTnwInen1sAnen nielusunIutlemae
dndAnuiiifinanisdoud ieiislonidlunisdusa
nsAnwvaItindiny

ot slsfany uided d4od17alus osveg

~ v a

unasdoyaililunisiinsgyt Fed1e8engrudoya
YpsEunduasIIINSHarUnel eI INg sy
Jundn Fsenadaliilinseungu Jadedunginssuni
AU AMULATEA LSINARUNIININGT UsaUaduA1Y
Fandenvesindne Jee1aidvsnasenisindule
aneenanuminedoluviensd dafu suidely
pwAnAsfiTsaliTBmaiudeyafiaseunquuiniy
wu mslduuvasuaunsensduniwalidedn wieth
J378N19A1UIATNELATFIALLT NS INTLATIEN
Lﬁa‘Lﬁmmsmzqmmmaamsaaﬂﬂmqﬁ“ﬂé’asﬁw
waiugnB ety

Tudruvesnisnedeulssans smaesdunai asns
AaemAlA3d Decision Tree, Naive Bays uag K-Nearest
Neighbors A2835n13 10-Fold Cross Validation #u1
Tuinadias1ainyatesa Training #1835 K-Nearest
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Neighbors iUsgdnEnmasan dA1anugneiesosas
92.19 11101 Decision Tree waz Naive Bays Wililo
ihlunalulduyedeyanaaoundunuin luinaiad
ME35 Naive Bays HUseavznmgsdn daAianugnaes
Jovaz 94.20 41NN Naive Bays Lay Decision Tree
Anagngiuguil 0199u1ina1n Overfitting lutaa
Decision Tree 813flAnududowiuly Fea1unsadn
sUnuwvesteyaiinaeulddun uiilethluldiuteya
Alsitreiiusnnou nduldanunsavhunglddvinians
iesanlunaduanuiianain (noise) ludoyatinasy
lunay %30 Underfitting lutaa Naive Bayes 8133l
Anududoutosiiuly Jelidansaduuuuuvesteya
§og19aziBuane 1ounlldiudeyaflinaeu Tlu
wadnsAliAn wiilewhluldfuteyanaaou Faenedl
sULuUiSeuiendt ndulinadwsiatu vie A
wanr19veeteya TayarnasuLaztoyanAaaULIall
AMNULANANSAUIUUIEYN 1Y N19NTEA8TRITRYA
AvaNnavesnana vililunadiviauldddudeya
Anaou e1vlivieuldddudoyanaaoy dadunis
Wisuiiguaansveslunanieg azaelntlafsdon
foideveusazluing uazannsadonlunaiivza
futlgmldundian Gsnsdenlunadidfianiuiuog
Aunanelade L dnuazvestaya LWmueveIns
Ve uazrdeddaduninenns egrslsinnu awnse
ihlanadluldlunshunenseennansfuestindng
solule

6. UBLAUDLUZ

1. A35iinsUsuUseluwaa Decision Tree, Naive
Bayes, Wag K-Nearest Neighbors (KNN) Lﬁaamﬁzym
"3 Overfitting ¥3e Underfitting tieifinAanausiug

2. aaslimeadiamdn luddedug ey aantu
Wiguiigua1AINgnAes (accuracy) Favzaaelils
amsiiruReafusyavsnneedumanazainse
\Fon ISz audign

3. A5 UadERUNgANITUNEIAN AULATEA
L3INARUNI9TnInen wiedadudud windouves
Undnw sudsanunisaliig 9 ludagdu wWhins
Ansed lslranunsasyyaivnueanseennatsfule
oghauiugBaTy

7. AnANIINUIZNA
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Hlsgfeduuinnssuidmnssumaniiia wasmsiauniodusuiuudmiumsmndydsoly

AdnAy : szuuauauliases, Wsknsudaladnreulnsawes (fkead)

Abstract

This study aims to construct and measure the performance of the development of automatic traffic
light control systems to reduce vehicle congestion problems at intersections Controlled by Programmable
Logic Control (PLC), The machine has a PLC control structure by receiving the input value from the sensor
and counter, processing it with the GX Work3 program and sending the output value to drive the traffic light
lamp. Conducting performance building and testing to find suitability. The participants of the study were 25
experts in engineering. For the suitability, the participants would see its 90 minute of demonstration
performance and measure its suitability. The data was analyzed using statistical method to see the
suitability’s mean scores and standard deviation. The results revealed that the counting machine had high
suitability ( X = 4.55) which meant it can be practically used. In addition, automatic traffic control systems
can be used as an instructional material in the program Mabel course. Controller and control engineering

subjects in electrical engineering courses In addition, automatic traffic control systems can be used as an
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instructional material in the programable Logic Controller and control engineering subjects in electrical

engineering courses. Moreover, the experts suggested that it was the outstanding development of

engineering skill, and it should be further developed to be the model for commerce.

Keywords: traffic light control systems, Programable Logic Controller (PLC)
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Abstract

In large-scale cloud systems, such as data center infrastructure, data storage is still primarily reliant on
hard disk drive (HDD) technology. Therefore, advancements in HDD efficiency focus on optimizing storage capacity
by improving data density. One of the key technologies that enhances storage efficiency is Bit-Patterned Media
Recording (BPMR), which can significantly increase areal density, reaching up to 4 terabits per square inch (Tb/in?)
[1]. However, as track spacing decreases to achieve higher density, the system faces a more severe challenge
from two-dimensional interference. This interference can lead to errors in the readback process due to incorrect
positioning of the read head, resulting in track misregistration (TMR). Previous research has applied data science
techniques, such as the K-Means Algorithm, to predict TMR by comparing the readback signal to the channel
signal of each TMR [2]. In this study, we propose a different approach to estimating TMR by preparing a dataset
based on 6 various by using 400 record of each TMR level and readback signal features, including the peak
amplitude values of read back signal with upper track (Peak Track3), the mean values of read back signal with
center track (Mean Track2), the maximum values of read back signal with upper track (Max Track3), the minimum
values of read back signal with lower track (Min Trackl), the minimum values of read back signal with center
track(Min Track?2), and maximum of read back signal of upper track( Max Trackl). We then applied supervised
machine learning 6 techniques, including Random Forest, Decision tree, Support Vector Machines (SVM), General
linear model (GLM), Gradient Boosted Tree (GBT) and Deep Learning. The experimental results show that the
Decision tree technique provides the best prediction performance, achieving 1.9% Relative Error at TMR level of
20% to 25%.

Keywords: Bit pattern media recording system (BPMR), Track Mis-registration (TMR), Machine learning, Model

prediction.

1. Introduction

Nowadays, the demand to store digital data is
continuously increasing. Therefore, resulting in the
development of new forms of technology. To respond

to the need for storage space hard disk drives are the

right choice for data storage. Because there is a cheap
price per unit of data capacity. Due to the original
vertical recording technology (PMR: Perpendicular
Magnetic Recording), encounter-red problems with
limitations

superparamagnetic (Superparamagnetic
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Limit) [1-2] which can increase the efficiency of ground
density to only 1 - 1.5 terabits per square inch
(Tb/in)[1-3].

To increase the areal density, Bit pattern media
recording (BPMR) data recording technology can
increase spatial density [4-5] more than conventional
systems. However, the system of BPMR surfaces with a
problem with Track-Mis registration into decreased
performance of recording. TMR is a situation where the
center of the read head and the center of the main
track do not match. Previous research has applied data
science techniques, such as the K-Means Algorithm, to
predict TMR by comparing the readback signal to the
channel signal of each TMR [2].
propose a different approach to estimating TMR by

In this study, we

preparing a dataset based on various readback signal
features, including the peak amplitude values of read
back signal with upper track (Peak Track3), the mean
values of read back signal with center track (Mean
Track2), the maximum values of read back signal with
upper track (Max Track3), the minimum values of read
back signal with lower track (Min Track1), the minimum
values of read back signal with center track (Min
Track2), and maximum of read back signal of upper
track( Max Trackl). Then, we applied supervised
machine learning techniques, including Random
Forest, Decision tree, Support Vector Machines (SVM),
General linear model (GLM), Gradient Boosted Tree
(GBT) and Deep Learning for finding TMR prediction

performance.

This research consists of seven sections. The first
section is the introduction. The second section covers
the simulation of the bit pattern media recording
system using equations. The third section discusses the
TMR simulation by equation. The fourth section
focuses on data preparation. The fifth section explains
the methodology. The sixth section presents the
results. Finally, the seventh section provides the

conclusion and discussion.

2. Bit pattern media recording

The BPMR system with TMR issues is modeled
using mathematical equations, as referenced in study
[4]. The signal is generated according to the following

equation:
Tk = 2 z hmanXi—mk—n + Nk 1)
n m

Position Xx,, is the raw data is recorded, where

le {0,—1,+1} , that refers to the position of the upper

track, center track, and lower track, respectively, that
are disrupted by the addition of white noise (AWGN)
obtained from averaging. and the variability of o? will

be included in the variable n,, . In practice, the

readback signal obtained from the simulated channel

is in the form of a coefficient. Where A it can be

generated by sampling the data from the simple
Icelandic pulse response at the position of the product
of the integer with the bit period and the track length,
represented as in the following equation [5][10]. Where
h,, . is the BPMR with TMR represent by

hpn =H(mMTz + Aryp + nTx) 2)

where Tz is the track pitch, Tx is the bit length, and
Arpr is the read-head offset. We set Tz = Tx = 14.5
nm at 3.0 Tb/in” .

3. Track mis registration

Track Misregistration (TMR) is a significant
challenge in Bit-Patterned Media Recording (BPMR)
systems, where the read/write head deviates from the
intended track. This

accuracy of the data retrieval process, increasing bit

misalignment degrades the

error rates (BER) and decreasing overall system
performance. TMR arises from several factors [6],
including mechanical vibrations, thermal fluctuations,
and imperfect head positioning, leading to inter-
symbol interference (ISI) and inter-track interference
(ITN) [7]. These interferences distort the signal, affecting
the channel's ability to correctly interpret the data,
high-density data
environments like BPMR [2].

which is critical in storage

As the areal density of

o A
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storage systems continues to grow, managing TMR 4. Data preparation

becomes even more crucial. Current research In the BPMR system, raw data from read

emphasizes machine leaming techniques to mitigate channels is often noisy and inconsistent, requiring pre-

the effects of TMR by enhancing prediction and processing steps such as data scaling and feature

correction algorithms, thereby improving the resilience selection to improve model performance. We

of storage systems against misregistration errors [3].
s Y s s [3] prepared readback signal data for three tracks: the

The TMR simulation by equation as
upper track, center track, and lower track. For each
Arur = (TMRz x Tz)/100 (3) track, TMR issues were simulated at various high TMR
levels: 10%, 15%, 20%, and 25%. The six data set is

where TMRZ is the percentage of the TMR. In this divided into the peak amplitude values of read back

research, we simulate the coefficients of read back
signal by including several of high TMR as 10% 15%
20% and 25% for finding the model prediction. The
level of TMR can be used to design an equalizer that

signal with center track (Peak Track3), the mean values
of read back signal with center track (Mean Track2), the
maximum values of read back signal with upper track
(Max Track3), the minimum values of read back signal

approximates each TMR, allowing performance
with lower track (Min Trackl), the minimum values of

adjustments to achieve higher efficiency [4-8].
read back signal with center track (Min Track2), and
maximum of read back signal of upper track (Max

Track1), as shown in the following Table 1.

Table 1. Data preparation with six examples in each TMR level.

Peak Mean Max Min Min Max TMR (%)
Track3 Track2 Track3 Trackl Track2 Track1
0.287 0.498 0.821 0.846 0.583 0.846 0
0.309 0.659 0.593 0.968 0.614 0.968 0
0.248 0.425 0.914 0.748 0.529 0.748 0
0.335 0.506 0.579 0.689 0.475 0.689 0
0.216 0.260 0.411 0.639 0.307 0.639 5
0.248 0.559 0.564 0.688 0.485 0.688 5
0.323 0.409 0.682 0.649 0.476 0.649 5
0.331 0.647 1.000 0.857 0.470 0.857 5
0.368 0.585 0.558 0.874 0.528 0.874 10
0.453 0.483 0.637 0.672 0.403 0.672 10
0.431 0.529 0.674 1.000 0.515 1.000 10
0.430 0.445 0.545 0.785 0.539 0.785 10
0.456 0.611 0.717 0.822 0.630 0.822 15
0.562 0.488 0.583 0.737 0.502 0.737 15
0.483 0.782 0.949 0.724 0.575 0.724 15
0.482 0.604 0.578 0.919 0.528 0.919 15
0.630 0.386 0.602 0.875 0.558 0.875 20
0.738 0.757 0.823 0.884 0.521 0.884 20
0.710 0.688 0.895 0.566 1.000 0.566 20
0.759 0.707 0.747 0.611 0.513 0.611 20
0.875 0.821 0.690 0.835 0.692 0.835 25

-
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0.986 0.692 0.848
1.000 0.581 0.809
0.932 0.441 0.930

0.825
0.916
0.751

0.731 0.825 25
0.589 0.916 25
0.678 0.751 25

** This data inside the table is scaled by data normalization technique to fit the data in range between 0 and 1,

in the label, TrackX represents 1, 2, 3 as the upper center and lower tracks.

The dataset for this research is prepared by equation
(2) allocating coefficient values to different TMR
levels at proportions of 10%, 15%, 20%, and 25%.
Each TMR level contains more than 400 records. The
training and testing datasets are derived from the

entire set of prepared records.

5. Method of model prediction
The model development in this study focuses
on creating a predictive model capable of estimating
the severity of off-track read errors or TMR in a bit-
patterned media recording (BPMR) system using
machine learning techniques [9-10] as Figure 1. The

model creation process involves several key steps:

Estim t Mdl

I Read back signal o‘qu
— from BPMR. eadback sigr

!

Figure 1. Block diagram of the proposed TMR estimator

(BNR Channel

‘ Detector

model in BPMR system.

1)Data Generation and Feature Selection:
The data used for model development is generated
through MATLAB simulations of the BPMR channel. Key
parameters that influence the read-back signal, such as
pulse width and inter-track interference (ITl), are
adjusted to reflect varying levels of off-track read
errors. Once the simulation data is collected, feature
selection is conducted to identify the most important
attributes that significantly impact the TMR problem.
This ensures that only the relevant features are used
to train the model, improving its performance.

2)Data Pre-processing: The simulation data is
then pre-processed to prepare it for machine learming
model development. This involves data cleaning to

handle missing or incorrect values, followed by data

normalization to reduce variability and ensure
Additionally,

dimensionality reduction techniques such as Principal

uniformity  across  all  features.
Component Analysis (PCA) are applied to minimize the
which

computational efficiency and reduces the risk of

number of features, helps improve
overfitting in the model.
3)Model

processed data, multiple machine learning algorithms

Development and Training: With

are employed to build the predictive model, including

Random Forest, Decision tree, Support Vector
Machines (SVM), General linear model (GLM), Gradient
Boosted Tree (GBT) and Deep Learning. These
algorithms are trained using the training dataset, which
is a subset of the entire dataset. After training, the
models are evaluated using a testing dataset to
determine their accuracy and predictive capability on
unseen data. Cross-validation techniques, such as K-
Fold Cross-Validation, are employed to ensure the
models generalize well to new data and avoid
overfitting. The most robust model with the highest
further

accuracy and efficiency is selected for

refinement and application.

6. Result of model prediction

The results of this research highlight the
effectiveness of machine learning. All models achieve
high performance in predicting Track Mis-registration
(TMR) in the BPMR system, with relative errors of less
than 10%. Notably,
consistently achieves a relative error of just 1.9% in

the Decision Tree model

distinguishing various levels of TMR severity, as shown
in Figure 2 — 4. These significantly lower relative errors
suggest a solution for planning the equalizer to filter
TMR based on model predictions, thereby improving

performance without TMR effects.

Ly

UM 20 aduil 1 unT1AY - TguIeU 2568

49



NINTIVINMIAULNAULATINAMNTIU UTINGITEIVALYNNERNT

Figure 2. Comparison of Relative Error across models.

Relative Error

=1

Figure 3. Comparison of processing time for each
model.
Figure 4. Overall performance comparison of each
model.
A key strength of the model is its robustness in
handling noisy and variable data. Even when input
data was affected by significant interference, the
model maintained stable, accurate predictions, which
is crucial for real-world applications where data
variability is common. This ability to generalize across
different conditions makes it well-suited for high-
density data storage environments.
Additionally, the of all

predictions show high accuracy percentages. Since the

results model
accuracy does not differ significantly, selecting the
model with the fastest simulation time is a practical
approach for future use. This model can be used to
simulate performance by designing an equalizer that
matches the read-back signal while considering each
TMR level.

7. Conclusion and Discussion

The experimental results underscore the
advantages of using machine learning, particularly
deep leamning, to address off-track read errors (TMR) in
Bit-Patterned Media Recording (BPMR) systems. All the
models achieved over 96% accuracy in predicting TMR
severity and demonstrated robustness in handling
noisy data. This efficiency contributes to overall
system reliability, with the model providing quick
predictions  crucial  for  high-density  storage
applications.

However, this research focuses on high TMR

levels, which also provide high accuracy percentages.

In contrast, low TMR levels, such as 0% and 5%, do

not achieve high accuracy.

Model Relative Error Standard Deviation .. Total Time T
Decision Tree 2 1.9% +0.3% 74ms
Generalized Linear Model 4% 8.5% +0.1% 78 ms
Deep Learning 6.0% +0.2% . 56Tms
Random Forest 5.6% +01% 1s
Gradient Boosted Trees 21% +0.1% 5s
Support Vector Machine 6.4% +02% . 8s

To further improve performance, future

research should explore hybrid models that combine

Runtimes (ms

various algorithms and implement them with low TMR
datasets for data storage technologies in BPMR
systems. Additionally, simulating the BER performance
of BPMR can help evaluate these models' predictions
as criteria for improving system performance and

confirming their ability to detect TMR levels.
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Abstract

Agriculture is a fundamental occupation for Thai people. However, farmers face many risks from
planting to reaping stages. One of the critical risks is natural disasters that result in lower yields than normal.
In addition, farmers encounter fluctuating prices of agricultural products. Integrated farming could be an
option to help farmers reduce the risks of monocropping. Thus, the objective of this research was to analyze
the break-even point of integrated bamboo cultivation with other crops and determine whether farmers
should invest in planting bamboo with other crops. The research used two 40-rai pilot plantations of
integrated bamboo cultivation with other crops as case studies to collect data. There were two models:
Model A and Model B. Model A planted Tong Leum Lang bamboo with Pak Chong 50 banana and had a
harvest period of 5 years. Model B had Man Moo bamboo intercropped with Neem and had a harvest period
of 7 years.

The research methodology included planning the plantation processes, estimating costs and
incomes, finding the break-even point of each model, and determining the net present value (NPV) and
internal rate of return (IRR) of investing in integrated bamboo cultivation with other crops. The results of
the break-even analysis showed that Model A and Model B required 5.02-rai and 3.27-rai plantations,
respectively, at the break-even point. The NPV for the integrated bamboo plantation of Model A and Model
B were 15,625,716 baht and 19,401,204 baht, respectively. The IRR for Model A was 73.41%, while for Model
B it was about 62.08%. As a result, the integrated bamboo plantations of both models could generate an
attractive return on investment for farmers. However, the estimation of costs, harvested products, and
selling prices were based on normal circumstances. If these factors change, they might affect profits and
investment returns. Sensitivity analysis revealed that the income from crop cultivation has the greatest
impact on the net present value. Therefore, farmers must be careful about the prices of their products

because if there is fluctuation and prices drop, the investment may not yield expected returns.

Keywords: Bamboo intercropping with other plants, Break-even Point, Net Present Value (NPV), Internal
Rate of Return (IRR)
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2. 2550uN55uMNYIVD4
2.1 Qﬂﬁ:m!u (Break-even Point)

USunauanuevsegeananivinlisuyus
(Cp) TANNIAUITITUITIN (TR) LS8N0
“af unu" IneUTUIUEDAYVIENT 0UDANEN

a1unsaruInlanadl [8, 9]

(1)
2)

A Cr= TR
azle Ce+cyD =p-D
do  Cr = dumundd
& = unuiuklIAemieYeLanY
ﬁunumﬁ
- s1PesenteasIneniY
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b - USUUE AL NTDUDANER £
AU

54



NIATIINSAULNALULERRAIMNTTH WNINNFYTUAnnan3

AdemManensnssulatinistyeAunuunly
TUNTIATIEAINANB UL ULAZANANAINITAY
i nsldgaduyulunisisuidisugaduu
sEmiamaissavane Savda uaznueuundng
i ons¥iTUsAuuTnssmaLug g navnTsy
9 m1sdnTd LLav‘wm"]mil,ﬁyamuauuﬂa“ﬂﬁﬁ
AN 1,692 Alaniy luvme giinaidesaning
uazdavinilgnduyuegi 2,406 Alanu uay 1,906
Alan3u audsiu [10]
2.2 yar1lagiugns (Net Present Value: NPV)

yartlagtuans (NPY) Wuedesiledildlunis
Ussifuanuiiaulalunisamuadasinisiagly
nselaRudlarnszRaliueanvedlAsINITIng
unyaruiisuindagiu waziarsaniidiusing
YeInTehaluldwarnsrLadueen (8, 9] anslu
n1sduas NPV waadluaunisi (3) wazayaAl
Haqtiugnduinnit 0 Tassmssuiianuihaulaly
QREGEV!

N
NPV = Z An (3)
B 1+
\ n=0
\Wio An = nszuaduangvsvauaazt n

Snsmenids MARR
N = szzianvedlasenis @)

a1an1sneasha ¥1 NPV unldlunisnis
wWigugunsugnnensiaglnsewiniuisnig
Ugnuinagiu GAP LLaxﬂwsﬂqﬂLLuuﬁalﬂ 1y
Fuwun3Znisugnesnidu 2 33 Ae nsugnanu
1175514 (GAP) uaznsugnuuuiily Teefiszes
18an15UgninAY 10 U laedlduunisugn 90
N193ATILIGIE NPV WUl1 msﬂqmwuﬁ’ﬂﬂﬁgu
Tiyar1Uagtugns (NPV) winfu 193,034.91 um
g9 IUuuINIINTUgNANLAASFIY GAP Tidlein
(NPV) winifu 79,833.47 U 1fos91nn1sugniuy
walufianuBangulunisvediginivilnded
nandeAnd uaratuIsanIvesmianisuele
WINNINTUNANNINTFIU GAP [11]
2.3 gnsnanauwnun1ely (Internal Rate of
Return: IRR)

dnsmanauwnunigly (RR) 1un1simsen
g9 IHANDULNUNNETUYUIUAIN UNT BTN
ponidefiagldsunnnsamulugaiiyadifiouih
Uagdurasnsualiuduagnszuaiuesn lng
fsailieuidisutusannendsfiuiadlann

~
1}

U7 20 atUi 1 unT1AY - AQuIe 2568

n15amuUNTefiA1Anie [8, 9] Ine IRR @1u1sale
70

N

Z R,(P/F,i'%,n) = Z E(P/F,i'%,n) @)

71
Lﬁa R, = iwiuﬂwﬂuﬂ‘w n
AuvuvseAltineMAnTulwln n
sygzIavadlasanis @)

i

N

mog1alun1sly 1RR Tunismanudueilunis
A9V LU NITUATIEIRANDURNILUNINTRUIN
nsUgnlidazion nedalddne laud Aldanesied
Tunisdgn Ugeshw wazAlddnegluniseuienis
lunmsugnaine uazlinelaannisueldazinisie
15 Usgnouse nandnadoseliuarmanlifasion
finsandiFuamuinisinunsluaufereeis
yosfivRanunsaiiunandnld Ao 25 T Auiusng
wamouununielu (RR) ivinfy 5.79% deilan
ffounindnsmansuumuiiaevis uanaitnisUgn
Ifagianliamnsolinanouunuiaianiaazlsl
msﬁ%amu [12]

N15ATITINANBULNUIINNTUGNNAIE VoY
neafiansan o Isuamuvinmsinuasluauds
P2018v0sivfiamsaiunananld fe 5 U agld
war1dagtugns (NPV) 45,890.19 U9 Uagdnsn
nouwnunelu (RR) fovar 7.19 uavsvesiiaiAu
u 2 T 10 1Weu 11 Yu felldrdiosnitenglasenis
nnanTaszinanausulunisUgnndendu
pndiftawela wasidunsBusuinisamuilidunis
asuiduen [13)

3. AAnliunulde

%gumauﬂ’mi’%ﬁmu%a‘i’amﬁmswﬁmﬁmnu
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3.6 M5IAT1ZHAMUL
nmsiaszvinnuhdgliiud wansenude
nsdndulalunisamuilefidadenidiAnydinis

v
=

Wasuwadlumuseausngg ldiasdunmsiud
visanawesadeifug (8] vnideiith 4 Jadeiid
AanudAyaeyar1dagduanslaun Awsenu
Usgdn Arsaunsnmas A1y Lazs1esuaINng
YrEnanNAnvTaIR Y1 2 viavesusazluinan
Ansizinula Inenisiitadadenanannyiinig
Wasuwasriiut uwazanasaieas 25% wazih
Afiasuudasiananluduinaiyatagiu
qnis wazthlUiwssimanulely

4. Nan15ALUNITIIY
4.1 dununisugnliuvunaunaiuvasluing
Auaz B

4.1.1 ﬁuvgumnﬁumﬁ (IF;)

Funuusniiuasdl Ao ArldaeiiAaduain
Aanssumouwi udufAanisuarnisiasonnis
wnzdgn widldelaildusiunumunvesiiug
iwnzUgn Aanssuiliieadosmeuiudumizugn
1#un matatogunsniiifesthanllunsimeugn
msm%‘auﬁuﬁﬁm%’umsﬂqﬂ NSITEURULAE VY
Ugn nsdgndund waznisfndaszuuiiven
Funuusnisuasiivessgnliuuunaunay ne
swaziBonuandlumsed 1

A157199 1 AunuusnisuAINveIn1sugninuuy

Ugn sunuusnizuiuuds Yseneaulusme

M13199 2 AunuisniTuduwlsveIn1sugnliiuy
HENHEY

NAUNEY
X . Ay (Un)
S18ALLDARUYIU
' Tuea A | luea B
1. SOUNSNRBIVUIN 24
0 323,000 323,000
w599
2. AN EnUUsEIN 180,000 | 180,000
3. gUnsaliSusounsnmes | 242,000 | 242,000
4. Agunsalnsinums 799 300
5. AAUNaN 5,500 | 3,008
6. AFARITZUUUREA 5,000 | 5,000
AUV 756,299 | 753,308

4.1.2 funuusnisuduwls (v,)

Aunuusnisuduwls Ae A1ld9187AAN
AanTsumULTHAUAINISUAZ NS TENNTINIZUGN
wazdinig Wasuuvaslumudndiuvesvuinulas

Y]

U7 20 atUi 1 unT1AY - AQuIe 2568

o v Algae (Un)
SYALLDYAAUNU
: luwa A | luwea B
1. AMSIUTIAT (V) 3,150 | 2,100
2. ananldd (av,) 4,935 | 4,370
3. AUeuazussn (1vs) 19,257 | 10,814
4. ANTUAATALNSNLADS
2,294 1,147
(1v,)
5. ANYISOLNSNLABS AT Y
X 4 15,000 | 15,000
wungn (1vs)
AUNUTI 44,636 | 33,431

4.1.3 funusredasil (0F)

Funusnelasd o Arlddeiiintuanfansm
fiArdoatumasiiunuieusinmaygnaunsestenis
Auiielulaaie arldaemai liudsiuni
yavesiiufinzugn AanssufineliAnduyuse
Unsil 19U n1suImsdanisudasign mIguauasls
{Jo maifuiier msvudsdlailuane Fuyusiedas
Usgnaulusig

LAWsIuUsEd

2. Mdeutgssnesaunsninesiargunsal

NSNYAT
3 mthanlifiuazdhuina
4 Anvudananan UsinsHEn)

A197199 3 FuyuseUasivesnisugnluvuy
HALHAY

AR (Un)

neaiBuRy luea A | luea B
1. Awssnudszdn (0F) 120,000 | 120,000
2. AMPaNUnFesnYTe
wnsninesiargunsel 20,000 | 20,000

ANNEAT (OF,)
3. A ladwaz i

5,500 7,700
U1n1a (0F;)
4. MIUAINANER (OF,) 12,000 | 12,000
AU 157,500 | 159,700

4.1.4 funusediuuls (ov)

v o

AunussTAuLUs TauA ALSUEINT (0VL),

q
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A1JELAYUITIR (OVy), Arsfufwasounsnines
V), wag frvudsnandn (ovy) \Jusunudi
auduiustuiuiildlunisugalasauiufiaeig
wiin WnefunuiazAniused Funumediuuls
Usznauluae

M13197 4 dunusetiuwlsveanisugnlivuy
NEUKAULILAA A

44 AunuseUiuwls (um/ls)
ov, | ov, |ovs | ov, 520
1 140 258 58 - 456
2 420 167 - - 587
3 420 160 58 - 638
a4 420 120 - - 540
5 980 120 - 30,000 | 31,100

M19199 5 FuyuseUiuudsvesnisugnliwuy
HauNauleg B
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wazlulanvingazdnabivasaduasiniien ag
sreaziduasesuluniazluanidannsned 8 uas 9
MMSUTEUIUNITIIANYIBIENINNTTTIUTIUTIAN
vganduleduazaainnans uazidenldsaniieg
Tugreund (Llisangsitgauazsinfign) s1a1ves
violifuazdlivosinssduudaas Iduvyisn
LANAISAUTIDAZLE8AYRITIAINARAALAazluLAE
wandldRan1edl 6 - 9
Fruauduiivgnvesisassluinasiaduinli
5'1EJ%’UﬁLﬁmR]WﬂﬂWiﬂQﬂisisuadﬁy’q 2 luwasineiu asy
esvvesudazlunaazuldfmsned 10 uag 11

a a ' | a
A1519% 6 NAKNANABLSLAYIIANVBINANARLUAR A:
LR RN

NAKAR Ui 3 Ui a Ui 5
wieoldl (hn) | 8,000 8,000 8,000
shauueld | 125 125 125
(uw/nn.)
alel (f) 0 0 80
srananlu 0 0 700
(U/F)

A15199 7 NAKAMFDLILALIIANVRINANANLULAA A:
AU

Y FuuseUiuwls (un/ls)

Al on [ow|on| on 574

1 140 100 | 29 - 269
2 140 118 | 29 - 287
3 420 100 | 29 - 549
4 420 118 | 29 - 567
5 420 | 100 | 29 - 549
6 420 118 | 29 10,000 10,567
7 | 1,260 | 100 - 25,000 26,360

4.2 nMsUszanun1ssesuvasiana A uazluna B
mMsUszanaunsesustsesnidu 2 @ Ae Ans

USLUNUNISHAKAR BAaLN15UTEUIUNITINAIUY

AUn5USTIUNSHARAR LTI D N15US TR UUT Il

nanandilalunaazd

1) luna A nandnusznaulunie nandnainlu
TouA videlyl wazdli nandnannnale laun Ua
ndag wilandae (Wluugn) wavdundae 9
1 - 2 evfimafunananainndeimii uaglud
7 3 - 5 azdimsAuAsmielsl uarludgevig
wanan iy lnesieagidensiesuluunasl
WARINIANT19T 6 uaE 7

2)  Tuina B fauddit 3 - 7 avfinsifunvsldune

Y]
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HAKAR Ui 1 Ui 2
nane (nn.) 2,400 | 2,400
31PN (Un/nn.) 17.0 17.0
Uandie (1) 100 100
s1AUaNGY (L) 8.4 8.4
nusnae (Mus) 400 1,200
IANUDNAIY (UIN/%U0) 15.0 15.0
Ay (f) 0 300
FIANAIRU (UIN/FU) 10.0 10.0

A151991 8 NAKAMNABLILALIIANVRINANANLLLAA B:
isTumy

NANER UWisze | V7
wioldl (nn.) 7,680 | 7,680
sawdeldl (Lw/nn.) 20 20
ali (s1) 0 23
sAalW (UI/Ai) 700 700
58



NIATIINSAULNALULERRAIMNTTH WNINNFYTUAnnan3

A99i 9 andndeliuarsavosHananling B: 319l 11 agusiefuvesmsnzuanluieg B
AsanLiton , o swsunHaNas (Ln/ls)
HaNan I 7 un — -
e () y Iifumy | asnndley R
IAfuazIALE (UN/F) 1,650 1 0 0 0
2 0 0 0
a1s19il 10 ﬁiq‘lJiWEJ%JUGUENmiLW’wUQﬂ A 3 153,600 0 153,600
iy snesunnuanan (um/ls) q 153,600 0 153,600
! ndaeth | lelmeduuds 39U 5 153,600 0 153,600
1 47,650 0 47,640 6 153,600 0 153,600
2 62,640 0 62,640 7 169,700 105,600 275,300
5 0 100,000 100,000 4.3 MIIIATIEVIAANNY
4 0 100,000 100,000 n1sUsEIIMNSAUN kA S18TUveINITUgn K
5 0 156,000 156,000 LuuRaNNETahe 2 Tuaa mu’iﬁaﬁﬁwé{unuuas

sefuinanduyadfisumintagiulddsaunisi
(3) wazauMsT (4) Auddu uATeEdenldsns
nanauwnuTiaula (MARR) 1Y1RU 10% & 911910
maﬂLﬁjsJﬁuerLazé’mmamUL.muﬁéfanmﬂmma A
ldszezinailasenis 50 luima Bldszaziaan
lAsens 7 9 ﬂ?iﬂmﬁu‘ﬁﬂ’liﬂ@ﬂﬁﬁlxﬁﬂﬁﬂﬁﬂ@]ﬂl&i
waslajwaunauusazluinaiigndumu niogndi
Auuuazsesuisuiyadagiuanunsadiuiu

eAuulAnuENnIN (5)

nsiwnmyaAnisuihdagiuvewiuyuwanduaunisi (1)

<; 1Fi_> + (Z 114_)A + (; OFL-.) (P/A,10%,N) (; Omy> (P/F,10%,N)

nsmwamansgaanisuvindagtuvesesunanduaunisi (2)

+ A

i=1

= (4)
Z Py |@/F,10%,N) |4
j=1

AUN1T Q4 AU B AU (3) = 185U (4)
asauansaunsmMIwIUlsnyndunulataunim (5)

n n n n n
(ZIFL-_>+<ZIVL>A+ (Z OFl-.)(P/A,lO%,N) + (z om-y) (P/F,10%,N)| 4 = ijy (P/F,10%,N)| A
=1 =1 =1 i=1 =
AAuALA

A = Fnnuiiuiinsugnlivuunauna (15)

IF, = fuyuasiiusnidy (Um) iAo Usslamuesiunu g i=1,..,4

v, = fuyuiuiUsusnizy (Wn/ls) ife Ussnnvewuu  lay i=1,..,4

OF, = fuyuasitsned (V) ife Ussnvnveadiumu Wy i=1,..,4

ov; = fuyuiuulssel (un/ls) ife Ussinvwesiur ey i=1,..,4

y = Uliandulaseng
N = szEgialasin1sueen1sUgniiLuURaNNETY
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